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(57) ABSTRACT

A method for estimating noise and interferer parameters
includes receiving a signal comprising a noise and interfer-
ence signal contribution. Noise and interference power
samples are generated based on the signal. The noise and
interference power samples are quantized into quantization
levels. The occurrences of noise and interference power
samples are accumulated for each quantization level during
an observation period. Noise and interferer parameters are
estimated based on the number of occurrences of noise and
interference power samples per quantization level during the
observation period.
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1
METHOD AND DEVICE FOR INTERFERER
SCHEDULING DETECTION AND NOISE
AND INTERFERER PARAMETER
ESTIMATION

FIELD

The invention relates to the field of radio communica-
tions, and more particularly to the techniques of detecting
interference scheduling and estimating interfering signal’s
parameters based on a radio signal received in mobile
networks according to a mobile communications standard
such as, e.g., 3GPP Long Term Evolution.

BACKGROUND

Modern cellular networks face the challenge that the
demand for high-speed data and media transport is increas-
ing dramatically. Network operators need to modify their
networks to increase the overall capacity. One solution may
be to place denser macro cells in homogeneous networks.
However, this solution may be very costly and rapidly
moving users might be required to perform handovers very
frequently. Another solution may be heterogeneous net-
works. One macro cell may be used for coverage of a larger
area and small (e.g., pico or femto) cells may be placed into
the coverage area to increase the capacity at some “hot
spots”. In both homogeneous and heterogeneous networks,
the user equipment (UE) operates in dynamic scenarios with
multiple interfering cells which may be scheduled on a short
time basis. Interference detection and parameter estimation
are crucial to proper functioning of critical UE functions
such as, e.g., channel estimation, detection, and CQI (Chan-
nel quality Indicator) feedback.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of aspects and are incorporated in and
constitute a part of this specification. The drawings illustrate
aspects and together with the description serve to explain
principles of aspects. Other aspects and many of the
intended advantages of aspects will be readily appreciated as
they become better understood by reference to the following
detailed description. Like reference numerals designate cor-
responding similar parts.

FIG. 1 is a schematic diagram of a network including a
macro cell and pico cells according to an interference
scenario.

FIG. 2 is a graph illustrating a probability density function
of a realistic noise and interference power profile experi-
enced in an interference scenario with K=3 noise and
interference sources on a logarithmic scale (units of dB).

FIG. 3A is a schematic diagram of a scheduling pattern of
physical channel resources in a time-frequency representa-
tion illustrating resource blocks scheduled to a first inter-
ferer, resource blocks scheduled to a second interferer, and
non-scheduled resource blocks.

FIG. 3B is a schematic diagram of a resource block in a
time-frequency representation illustrating, by way of
example, a LTE physical resource block (PBR).

FIG. 4 is a block diagram illustrating an exemplary
implementation of a device for estimating noise and inter-
ferer parameters using histogram analysis.

FIG. 5 is a graph illustrating a histogram generated on
incoming noise and interference power samples over an
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observation period and a method of analyzing the histogram
to obtain (preliminary) interferer parameters.

FIG. 6 is a graph illustrating the histogram of FIG. 5 and
a method of re-analyzing the histogram to obtain noise and
interferer parameters based on the preliminary interferer
parameters.

FIG. 7 is a block diagram illustrating an exemplary
implementation of a device for estimating noise and inter-
ferer parameters using histogram analysis and parameter
tracking.

FIG. 8 is a block diagram illustrating an exemplary
implementation of a device for estimating noise and inter-
ferer parameters using histogram analysis, optional param-
eter tracking and interference scheduling detection.

FIG. 9 is a block diagram illustrating an exemplary
implementation of a device for estimating noise and inter-
ferer parameters using histogram analysis, parameter track-
ing and interference scheduling detection.

FIG. 10 is a block diagram of an exemplary estimator
used in a device for estimating noise and interferer param-
eters

FIG. 11 is a flowchart illustrating an exemplary method of
estimating noise and interferer parameters using histogram
analysis.

DETAILED DESCRIPTION

In the following, embodiments are described with refer-
ence to the drawings wherein like reference numerals are
generally utilized to refer to like elements throughout. In the
following description, for purposes of explanation, numer-
ous specific details are set forth in order to provide a
thorough understanding of one or more aspects of embodi-
ments. However, it may be evident to a person skilled in the
art that one or more aspects of the embodiments may be
practiced with a lesser degree of these specific details. The
following description is therefore not to be taken in a
limiting sense, and the scope of protection is defined by the
appended claims.

The various aspects summarized may be embodied in
various forms. The following description shows by way of
illustration various combinations and configurations in
which the aspects may be practiced. It is understood that the
described aspects and/or embodiments are merely examples
and that other aspects and/or embodiments may be utilized
and structural and functional modifications may be made
without departing from the scope of the present disclosure.
In addition, while a particular feature or aspect of an
embodiment may be disclosed with respect to only one of
several implementations, such feature or aspect may be
combined with one or more other features or aspects of the
other implementations as it may be desired and advanta-
geous for any given or particular application.

The methods and devices described herein relate to inter-
ference scenario detection and/or noise and interferer param-
eter estimation. It is understood that comments made in
connection with a described method may also hold true for
a corresponding device circuit configured to perform the
method and vice versa. For example, if a specific method
step or process is described, a corresponding device may
include a unit to perform the described method step or
process, even if such a unit is not explicitly described or
illustrated in the figures.

The methods and devices described herein may be imple-
mented in wireless communication networks, in particular
communication networks based on mobile communication
standards such as, e.g., LTE (Long Term Evolution) and/or
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OFDM (Orthogonal Frequency-Division Multiplexing), or
other standards such as, e.g.,, the GSM/EDGE (Global
System for Mobile Communications/Enhanced Data Rates
for GSM Evolution) standard and/or the UMTS/HSPA (Uni-
versal Mobile Telecommunications System/High Speed
Packet Access) standard or derivatives thereof. The methods
and devices described below may further be implemented in
a mobile device (or mobile station or User Equipment (UE))
or in a base station (also referred to as NodeB, eNodeB).

The methods and devices described herein may be con-
figured to transmit and/or receive radio signals. Radio sig-
nals may be radio frequency signals radiated by a radio
transmitting device (or radio transmitter or sender) with a
radio frequency lying in a range of, e.g., about 3 Hz to 300
GHz.

The methods and devices described hereinafter may be
designed in accordance with mobile communication stan-
dards such as, e.g., LTE. LTE, marketed as 4G LTE, is a
standard for wireless communication of high-speed data for
mobile phones and data terminals. It is based on the GSM/
EDGE and UMTS/HSPA network technologies, increasing
the capacity and speed using a different radio interface
together with core network improvements. The standard is
developed by the 3GPP (3rd Generation Partnership Project)
and is specified in its Release 8 document series, with
enhancements described presently in Releases 9, 10 and 11.

The methods and devices described hereinafter may be
applied in OFDM systems. OFDM is a scheme for encoding
digital data on multiple carrier frequencies. OFDM has
developed into a popular scheme for wideband digital com-
munication, whether wireless or over copper wires, used in
applications such as digital television and audio broadcast-
ing, DSL broadband internet access, wireless networks, and
4G mobile communications. OFDM is a frequency-division
multiplexing (FDM) scheme used as a digital multi-carrier
modulation method. A large number of closely spaced
orthogonal subcarrier signals may be used to carry data. The
orthogonality may prevent crosstalk between subcarriers.
The data may be divided into several parallel data streams or
channels, one for each subcarrier. Each subcarrier may be
modulated with a conventional modulation scheme (such as
quadrature amplitude modulation or phase-shift keying) at a
low symbol rate, maintaining total data rates similar to
conventional single-carrier modulation schemes in the same
bandwidth. OFDM may be essentially identical to coded
OFDM (COFDM) and discrete multi-tone modulation
(DMT).

The methods and devices described hereinafter may be
applied in multi-layer homogeneous or heterogeneous net-
works. Multi-layer homogeneous and heterogeneous net-
works (HetNets) may, e.g., be used in LTE and LTE-
Advanced standards. HetNets may be used to build up the
network of not only a single type of eNodeB (homogeneous
network), but to deploy eNodeBs with different capabilities,
most importantly different Tx-power classes. These eNo-
deBs may commonly be referred to as macro eNodeBs
(MeNB) or macro cells, pico eNodeBs (PeNB) or pico cells
and femto/home eNodeBs (HeNB) or femto cells and meant
for basic outdoor, outdoor hot-zone and indoot/enterprise
coverage, respectively. Alternatively, the term “small cells”
might be used as a broader term covering pico and femto
cells.

Macro cells may cover a large cell area (typical cell radius
being of the order of 500 meters to a kilometer), with
transmit antennas above the clutter and transmission power
of'the order of 46 dBm (20 watts). They may provide service
to all users. Femto cells, also called Home eNodeBs
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(HeNBs) may be lower power cells installed (typically
indoors) by an end-consumer. Pico cells may be operator
deployed cells, with lower transmission powers—typically
an order of magnitude smaller—relative to macro cell eNo-
deBs. They may be installed typically in wireless hotspot
areas (for example, malls) and provide access to all users. In
a scenario where a UE is connecting to pico cells, the pico
cell may represent the target cell while the macro cell may
represent the interfering cell providing strong interference.

The methods and devices described hereinafter may be
applied in eICIC (enhanced Inter-Cell Interference Coordi-
nation) systems. eICIC is used in Release 10 3GPP to avoid
heavy inter-cell interference on both data and control chan-
nels of the downlink. eICIC may be based on carrier
aggregation with cross-carrier scheduling or based on TDM
(Time-Domain Multiplexing) using so called almost blank
subframes (ABS).

elCIC based on Carrier Aggregation may enable an
LTE-A UE to connect to several carriers simultaneously. It
not only may allow resource allocation across carriers, it
also may allow scheduler based fast switching between
carriers without time consuming handover. A simple prin-
ciple in a HetNet scenario may be to partition the available
spectrum into, e.g., two separate component carriers and
assign the primary component carriers (PCC) to different
network layers. The primary component carrier may be the
cell that provides the control information to the UEs. Each
network layer can additionally schedule UEs on other CCs
called secondary component carriers (SCC).

The methods and devices described hereinafter may be
applied in interference aware receivers such as IRC (Inter-
ference Rejection Combining) receivers. IRC is a technique
that may be used in an antenna diversity system to suppress
co-channel interference by using the cross covariance
between the noise in diversity channels. IRC may be used as
an efficient alternative to increase uplink bit rates in areas
where cells overlap. The IRC receiver may be effective in
improving the cell-edge user throughput because it may
suppress inter-cell interference. The IRC receiver may be
typically based on a minimum mean square error (MMSE)
criteria, which may require channel estimation and covari-
ance matrix estimation including the inter-cell interference
with high accuracy.

The methods and devices described hereinafter may be
applied in MIMO (Multiple-Input Multiple-Output) sys-
tems. MIMO wireless communication systems employ mul-
tiple antennas at the transmitter and at the receiver to
increase system capacity and to achieve better quality of
service. In spatial multiplexing mode, MIMO systems may
reach higher peak data rates without increasing the band-
width of the system by transmitting multiple data streams in
parallel in the same frequency band. A MIMO detector may
be used for detecting the MIMO channel which is described
by the channel matrices between respective antennas of the
transmitter and respective antennas of the receiver.

This disclosure presents an approach for interference
scenario detection and noise and interferer parameter esti-
mation in synchronized mobile networks such as, e.g., LTE
networks, in particular LTE-Advanced networks in accor-
dance with Rel-11+. In LTE networks neighboring cells may
use the same frequency band as the serving cell and a mobile
device at the cell edge may face strong interference from
multiple cells. That is, in homogeneous and heterogeneous
networks, mobile devices operate in very dynamic scenarios
with multiple interfering cells which may be scheduled per
subframe or even per PRB (Physical Resource Block). In
particular heterogeneous network deployments may increase
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this issue as multiple pico cells and/or femto cells may be
placed inside the coverage area of a macro cell. Therefore,
the noise-plus-interference power (and thus the SINR (sig-
nal-to-interference-plus-noise ratio)) may change drastically
at, e.g., each block boundary. Interference detection and
interferer parameter estimation may therefore be crucial to
the overall receiver performance and, in particular, the
proper functioning of critical receiver functions such as, e.g.,
channel estimation, detection, and CQI (Channel Quality
Indicator) feedback.

While the number of relevant interferers may in some
cases be known to the mobile device (e.g., by virtue of the
cell search or signaling), the interferer scheduling pattern is,
in general, unknown, as well as the noise parameters (e.g.,
the noise power and their variance) of the noise sources and
the interferer parameters (e.g., the interferer powers and
their variances) of each (scheduled) interferer signal. There-
fore, interference scheduling detection and noise and inter-
ferer parameters estimation as described herein may
improve knowledge on the interference scenario in the
mobile device.

FIG. 1 is a schematic diagram of a heterogeneous network
100 including a macro cell 101 and pico cells 103, 105. The
pico base stations in pico cells 103, 105 may be character-
ized by substantially lower transmit power as compared to
the macro base station in macro cell 101. Due to the large
disparity between the transmit power levels among two type
of base stations, the coverage 112, 114 of the pico cells 103,
105 is significantly smaller than the coverage 110 of the
macro base station as shown in FIG. 1. The larger coverage
110 of the macro cells 101 may attract more UEs 107, 109
towards high power macro eNodeB although there might not
be enough resources to efficiently serve all UEs. At the same
time, the resources of smaller power base station may
remain underutilized. The UEs 107, 109 may include inter-
ference scenario detection and/or interferer parameter esti-
mation as described in the following.

FIG. 2 illustrates a typical interference scenario with K=3
noise and interference sources. That is, by way of example,
a mixture of noise (probability density function (pdf) curve
201, mean power u,=-24 dB), a first interferer (pdf curve
202, mean power [1,=—10 dB) and a second interferer (pdf
curve 203, mean power [1;=+8 dB) are depicted. Further, the
total probability density function, which is the sum of the
probability density functions of the K noise and interference
sources, is depicted as “envelope” pdf curve 210 in FIG. 2.

The probability density function of each noise and inter-
ference source (i.e. the pdf curves 201, 202, 203) may be
modeled by a reference distribution (e.g., a Gaussian prob-
ability distribution) with individual parameters g, (weight
factor of distribution k), 1, (mean value of distribution k),
and o, (standard deviation of distribution k), with

k=1, . . ., K. Thus, the multimodal mixture model of
k=1, ..., K noise and interference sources may be described
by a set of parameters (K; g, W, 0,), k=1, ..., K. Itis to

be noted that the K noise and interference sources may
comprise both noise sources (here, e.g., k=1) and interfer-
ence sources (i.e. “interferers”) (here, e.g., k=2, 3). The
interferers are scheduled, the noise sources are not.

In order to model the interference scenario of K noise and
interference sources, a histogram may be generated and the
noise and interference source parameters may be derived
from the histogram. The histogram may be generated on the
basis of incoming noise and interference power samples. To
that end, the incoming noise and interference power samples
may be quantized into quantization levels and their occur-
rence may be accumulated for each quantization level, thus
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forming a histogram of noise and interference power levels.
FIG. 2 illustrates the sum histogram obtained on the basis of
the incoming noise and interference power samples by
crossed bullets. Further, FIG. 2 illustrates histograms of each
noise and interference source by bullets.

That is, a noise and interference power detector may be
implemented in an UE (or a base station) and may be
configured to deliver during a predetermined observation
period power samples. In order to obtain the sum histogram
(crossed bullets) of FIG. 2, these power samples are quan-
tized into quantization levels, e.g., with 3 dB spacing as
illustrated in FIG. 2. The occurrences of noise and interfer-
ence power samples are accumulated for each quantization
level during the predetermined observation period resulting
in the sum histogram shown in FIG. 2. From the sum
histogram of FIG. 2, the number K of noise and interference
sources and the parameters of the noise and interference
sources may be derived.

As will be explained in more detail further below, by
virtue of the noise and interference source parameters, an
interference scheduling decision of a detected noise and
interference source may be generated. This interference
scheduling decision may be generated for each input noise
and interference power sample and forwarded to all
instances of the UE which are configured to make use of this
information (e.g., channel estimation (CE), detection, CQI
feedback generation).

FIG. 3A illustrates an interferer scheduling pattern as an
example of a dynamic interference scenario with two inter-
fering cells C1 and C2. By way of example, a 3GPP-LTE
downlink transmission is considered. The time domain is
divided into time slots t1, t2, t3, t4, . . . , wherein each time
slot may have a duration of, e.g., 0.5 ms. The frequency
domain may be divided into carriers f1, 2, {3, f4, 15, . . .,
wherein each carrier may have a frequency range of, e.g.,
180 kHz. Each physical resource block (PRB) may occupy
one slot (e.g., 0.5 ms) in time and one carrier (e.g., 180 kHz)
in frequency.

FIG. 3B illustrates by way of example one PRB. As
shown in FIG. 3B, a PRB may occupy, e.g., 12 subcarriers
in frequency and, e.g., 7 symbols in time. A subcarrier-slot
element may be referred to as a resource element. The PRB
defines the mapping of certain physical channels to the
resource elements of the PRB.

Returning to FIG. 3A, the first interfering cell C1 may
correspond to the noise-plus-interference source of mean
power [1,=—10 dB of FIG. 2 (i.e. the first interferer of k=2)
and the second interfering cell C2 of FIG. 3A may corre-
spond to the second noise-plus-interference source of mean
power 11;=+8 dB of FIG. 2 (i.e. the second interferer of k=3).
As illustrated in FIG. 3A, the first interferer may have a 50%
scheduling occurrence (scheduled are in t1: f1, £2; in t2: 12,
13, 14, 15; in t4: {1, 13, f4, {5), and the second interferer may
have a 10% scheduling occurrence (scheduled are in t2: {5;
in t4: f1). Other blocks (such as, e.g., in t1: 3, {4, 15; in 12:
f1; in t3: {1, {2, {4, {5; in t4: £2) are not scheduled. As it is
apparent from FIG. 3A, interferer scheduling may, e.g., be
performed on block basis or, e.g., on subframe basis (one
subframe may be defined by two consecutive time slots, i.e.
by a PRB pair).

Such a dynamic interferer scheduling pattern may
strongly affect core receiver functions such as, e.g., channel
estimation (CE), detection, and CQI feedback generation
functions. By way of example, CE attempts to generate
channel estimates for a particular block (e.g., PRB at f3 in
t3) by filtering pilot symbols located on a larger time/
frequency grid as illustrated in FIG. 3A. By way of example,
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a time/frequency region including pilot symbols contribut-
ing to CE at {3 in t3 may comprise, e.g., 1 to 5, in particular
3 slots in time and, e.g., 3 to §, in particular 5 carriers (e.g.,
PRB lengths) in frequency. The estimation filters need to be
adapted to the varying pattern of block interference. This
adaption of filter parameters for CE is aided by the proposed
interference scheduling detection and noise and interference
source parameter estimation method as described herein.

FIG. 4 illustrates an exemplary device 400 for estimating
the number K of present noise and interference sources and
the parameters of these noise and interference sources using
histogram analysis. FIG. 4 also illustrates a method of
estimating the number K of present noise and interference
sources and the parameters of the noise and interference
sources using histogram analysis. In the following the noise
and interference source parameters will also be referred to as
noise and interferer parameters herein.

The device 400 may comprise an interference-plus-noise
power sample generation unit 401 configured to generate
noise and interference power samples z, of a received signal
s. That is, the noise and interference power samples z, are
indicative of the interference-plus-noise power of incoming
signal sample s,,. The integer n is the sampling index. There
are many possibilities of implementing the power sample
generation unit 401. By way of example, a so-called pre-CE
function (which uses block CRS (Cell-Specific Reference
Signals) channel estimation (CE) prior to regular channel
estimation) may be used which yields power peaks with bias
in the order of, e.g., 1 dB and standard deviations in the order
of, e.g., 3 to 5 dB. This may set the target accuracy for
interference-plus-noise power estimation (e.g., to about 1
dB).

The noise and interference power samples z, may be
passed to an occurrence accumulation unit 402. The occur-
rence accumulation unit 402 is also referred to as histogram
generation unit herein.

The occurrence accumulation unit 402 may comprise a
quantize-and-accumulate function. The noise and interfer-
ence power samples z, may be quantized into quantization
levels and the occurrence of noise and interference power
samples z,, for each quantization level may be accumulated
over an observation period. That way, a histogram is formed
during one observation period.

The histogram quantization levels may be predetermined
or may be variably adjustable. The quantization levels could
be sufficiently dense to render the histogram a sufficient
statistic. That is, quantization level spacing may be set so as
to nearly or fully satisfy the sampling theorem for probabil-
ity density profiles to be resolved. That is, the probability
density profile, viewed as a low pass signal, may be (over)
sampled by the histogram. By way of example, this is the
case in FIG. 2, where histogram samples (bullets) with 3 dB
spacing represent the mixture probability density (sum pdf)
without loss of information. In general, the histogram quan-
tization spacing may be set to be equal to or smaller than
min(o,) for k=1, . . . K, so that all relevant interferers (i.e.
noise and interference sources) could be resolved.

Occurrence accumulation is done over a predetermined or
adjustable observation period. By way of example, a block
of input power samples z,, e.g., per-PRB power samples z,,
are used to form a histogram. By way of example, one
histogram may be generated from a number N of blocks or
subframes, where N is an integer equal to or greater than 1.
N times the block length (or the subframe length) may thus
define the observation period over which power-specific
occurrence accumulation is performed.
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By way of example, an efficient way of generating a
histogram may comprise finding the MSB (most-significant-
bit) position of each input power sample z, and counting its
occurrence for all input power samples z,, of the observation
period. For instance, 24 bit input power samples z,, of 12 bit
1/Q signals yield histograms with, e.g., =24 samples, 69 dB
dynamic range, and quantization 3 dB.

Histograms H, accumulated in occurrence accumulation
unit 402 during the observation period (e.g., N blocks) may
be passed to an estimator 403 configured to estimate noise
and interferer parameters based on received histograms H,.
By way of example, estimator 403 may generate the (esti-
mated) number of noise sources and interferers K. The
estimator 403 may further generate the mean power
and/or the power standard deviation o, (or variance) and/or
the gain factor g, of the partial noise probability density
profile. Further, the noise and interferer parameters gener-
ated by the estimator 403 may comprise noise and interfer-
ence source separation power thresholds 6, of the noise and
interference power samples of the received signal. These
noise and interferer parameters may be generated for one
observation period (i.e. per received histogram) or on the
basis of a plurality of received histograms, as will be
explained further below in the context of “parameter track-
ing”.

Histogram analysis may follow the general expectation-
maximization (EM) strategy:

1) Expectation (E): assign each observation to a noise and
interference source k (i.e., to a noise source and/or an
interferer, if present).

2) Maximization (M): estimate noise and interferer param-
eters (e.g., K, g, I, 04, and/or 6,).

A basic EM-scheme as explained above may use the
following features: E-process (Expectation):

(1) Histogram samples H,, (m=1, . . . , M) are used as
observations (instead of power samples z,). M is the
number of quantization levels, m is the quantization index
and H,, is the number of (accumulated) occurrences. H,
may be defined as a set of histogram samples
{H,Im=1, ..., M}.

(2) The observations (H,,) may be assigned to a noise and
interference source by way of soft assignment (instead of
hard assignment). Soft assignment may utilize a weight-
ing function for assigning observations to interferers.
Hard assignment may assign quantization levels (and the
observations accumulated therein) to noise and interfer-
ence sources. A specific approach for soft assignment will
be explained by way of example further below.

M-Process (Maximization):

(1) The noise and interference sources may be regenerated
based on a part or all of the current noise and interferer
parameters (e.g., K, g,. 1. 0y, and/or 0,) and a parametric
noise and interference model (e.g. a Gaussian model, as
already mentioned in conjunction with FIG. 2).

(2) A weighting function v, for soft assignment of the
observations (H, ) to a specific noise and interference
source may be generated.

(3) Noise and interferer parameters may be re-estimated
based on soft assignment of observations, yielding
updated noise and interferer parameters (e.g., K, g, L,
0,, and/or 0,).

It is to be noted that the estimator 403 may output noise
and interferer parameters other than the parameters K, s Wi
o, and/or 0, specified above. By way of example, the
estimator 403 may have an input receiving input signal
power samples p, generated in an optional signal power
estimator 404. The estimator 403 may be configured to
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generate average SINRs for each k based on the input signal
power samples p, and on the mean noise and interference
powers L, and/or the gain factors g,. Then, instead of
outputting the mean noise and interference powers |, and/or
the gain factors g, or in addition to these parameters, the
average SINRs of each noise and interference source k may
be generated. The average SINRs of each noise and inter-
ference source k are denoted herein by vy,. It is to be noted
that if a specific noise and interference source k is, basically,
a noise source, y, is an SNR, and if a specific noise and
interference source k is, basically, an interferer, y, is an SIR.

FIG. 5 illustrates an example of noise and interferer
parameter acquisition based on histogram samples H,, from
an observation period of, e.g., one block or one subframe
(two blocks). Here, by way of example, 100 input power
samples z,, are used. A first parameter estimate (e.g., K, i
W Op) is acquired from the histogram samples H,, by peak
detection (e.g. by a local maximum search), hard assignment
of histogram samples H,, to noise and interference sources
(e.g., by assigning quantization index subsets m(k) covering
a few histogram samples around each of the detected peaks
to a noise and interference source k), and by computing the
noise and interferer parameters, e.g., by invoking the defi-
nitions of mean and standard deviation and applying appro-
priate scaling:

gr=sum(H(my))

e=sum (X () * H(my) ) g

o =sart(sum((X(my)— ) *Himy))gy), M

wherein X is the power level scale (in dB/log) of the input
noise and interferer power sample z,, and X(m,) is the subset
of input power levels near the k-th detected peak. Thus,
summing in equation (1) is performed for each noise and
interference source k over the quantization index subset
m(k) in a region (e.g., a few quantization intervals) around
a detected local maximum (which is identified as a noise and
interference source k in the histogram). The term sqrt( )
refers to the square root function.

The first parameter estimates (e.g. K, g, 1, 0,) may then,
e.g., be used as final noise and interferer parameters. How-
ever, as will be set forth below, the first parameters may also
be used as preliminary parameters to regenerate the noise
and interference source densities via a parametric noise and
interference source model, in particular a model using, e.g.,
a Gaussian probability distribution.

The regenerated noise and interference source densities
I, for each identified noise and interference source k may
be derived, e.g., as

@

and are depicted, by way of example, as curves 1, 2, and 3
for k=1, 2, and 3, respectively, in FIG. 5. Here,

N(m; ,, 0,) may represent the Gaussian normal distribution
of mean i, standard deviation o, and subset m(k) of input
power levels around the k-th detected peak. It is also
possible to use other distributions, in particular if additional
knowledge on the interferer scenario and/or on parameters
of a specific interferer k is available (however, note that the
approach described herein is in particular applicable for the
case that the interferer scenario is completely or mostly
unknown in the UE, ie., if a minimum or no signaling
indicative of the presence of interferers and/or their param-
eters is provided by the base station). It is to be noted that
the gain factors g,, which depend on the height of the
corresponding local maximum of the histogram, may be

Py =8x N0
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used as a parameter for scaling the model distribution N(m;
W O4). Each gain factor g, is indicative of the intensity of
the corresponding noise and interferer source k.

From the regenerated noise and interference source den-
sities 1, soft assignment weighting functions v,,, may be
derived, e.g., as

V=1 m(k)/ sum(r, m(k))' (3)

The weighting functions v1 for k=1, v2 for k=2 and v3 for
k=3 are depicted in FIG. 6 by dotted curves 1, 2, and 3,
respectively.

The weighting functions v1, v2, v3 (i.e, the set of
weighting factors v, for each k=1, . . ., K) may then be
used to perform soft assignment of the observations (i.e.,
histogram samples H,, (m=1, . . . , M)) by computing noise
and interference source-specific weighted histograms. These
noise and interference source-specific weighted histograms
are labeled in FIG. 6 by wH1, wH2, and wH3, respectively.
Weighted histograms wH1, wH2, and wH3 are also referred
to as soft-assigned histograms herein.

The noise and interferer parameters may then be re-
estimated based on the soft-assigned histograms wH1, wH2,
and wH3. Re-estimation may be performed the same way as
in equation (1) but by replacing the subset of histogram
samples H(m,) near peak k by the weighted histograms

H,,

gk:SUIH(Hm(k))
Me=sum(Xx;, *Hm(k))/gk

ok=sqrt(sum((X,,~j)? *H i) &) 4)

Thus, in equation (4), summing is performed over all
(weighted) histogram samples (that is, summing may be
performed over all power levels m=1, . . . , M in contrast to
index subsets m(k) covering only a few histogram samples
around each of the detected peaks as used in hard assignment
analysis according to equation (1)). These second parameter
estimates (e.g., K, g, W, 0,) are more accurate than the
corresponding first (or preliminary) parameter estimates.
They may be taken as final parameter estimates of the
histogram analysis.

As may be seen when comparing FIG. 5 (hard-assigned
histograms) and FIG. 6 (soft-assigned histograms), the mean
estimates |1, (which are of main interest in SINR estimation)
are close to the true means L, ,, and, by virtue of soft
assignment of observations (histogram samples), in particu-
lar the second mean estimate 1, has improved considerably.
Further iterations (density function regenerations and
parameter estimations) are possible and could be obtained if
accuracy should be needed to be further improved.

It is to be noted that in FIGS. 5 and 6 as well as in FIG.
4, the subscript b is added to the estimated noise and
interferer parameters in order to indicate that the corre-
sponding parameter is derived on the basis of one histogram,
i.e., during one observation period (e.g. N blocks). This
index b is suppressed in equations (1) to (4) for ease of
notification.

Referring to FIG. 10, the estimator 403 of FIG. 4 may,
e.g., comprise a first estimator unit 1001 configured to
estimate preliminary interferer parameters based on the
number of occurrences of noise and interference power
samples per quantization level over the observation period,
wherein to each noise and interference source a predeter-
mined interval of quantization levels is assigned (see, e.g.,
equation (1)). Further, the estimator 403 may comprise a
second estimator unit 1002 configured to estimate a soft
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assignment weighting function v,,, for each noise and
interference source based on the preliminary noise and
interferer parameters and a noise and interference source
model probability distribution (see, e.g., equations (2) and
(3)). The estimator 403 may further comprise a third esti-
mator unit 1003 configured to estimate the noise and inter-
ferer parameters based on the soft assignment weighting
function and the number of occurrences of noise and inter-
ference power samples per quantization level over the
observation period (see, e.g., equation (4)). The estimator
units 1001, 1002, and 1003 may be implemented in software
or in hardware and, e.g., the first and third estimator units
1001 and 1003 may be implemented by the same circuitry.

FIG. 7 illustrates a device for estimating noise and inter-
ferer parameters 700. The device 700 is similar to device 400
and reference is made to the description above in order to
avoid reiteration. However, a function of parameter tracking
may be added. In FIG. 7, an estimator 703 configured to
estimate noise and interferer parameters based on the num-
ber of occurrences of noise and interference power sample
per quantization level during the observation period may
further comprise a parameter evaluation unit 705. The
parameter evaluation unit 705 may be configured to deter-
mine for each noise and interference source k a number of
observation periods over which the noise and interference
source (e.g., the scheduled interferer) is present. The param-
eter evaluation unit 705 may also be configured to average
the noise and interferer parameters received from the esti-
mator 403 (which are obtained by histogram analysis over
one observation period) over a number of observation peri-
ods, e.g., over the number of observation periods over which
the respective noise and interference source has been
detected to be present.

More specifically, in the parameter evaluation unit 705
used for parameter tracking, the observation period-based
parameter estimates (e.g., K,, g 1. s 4 Op ) and, possibly,
other observation period-based parameters are continuously
updated to form long-term estimates K, g, 11, and o, and,
possibly, other parameters.

Based on a sequence of consecutive observation-period-
based estimates K,, it may first be detected whether the
interference scenario is stable or changing for each detected
noise and interference source k. If it is stable, long-term
parameter estimates may be refined by averaging the obser-
vation period-based parameter estimates. Otherwise, if the
scenario is changing (i.e., new interferers are arising and old
ones are disappearing), tracking may be initialized for the
new interferers detected and abandoned for disappearing
ones.

A change in the interference scenario is detected faster
(within a few milliseconds) by choosing a short observation
period length in histogram generation and analysis. By way
of example, the observation period may, e.g., be as short as
one or only a few block periods, wherein a block period is
the minimum time basis on which the scheduling pattern
may change (e.g., in LTE one block is one PRB). If the
interference scenario is changing, tracking is initialized for
the new noise and interference source detected and aban-
doned for the disappearing noise and interference source. It
may be advantageous to spend more “intelligence” on
post-processing of block parameter estimates in the evalu-
ation unit 705 than choosing long observation periods in
histogram generation and analysis by estimator 403.

FIG. 8 illustrates a device for estimating noise and inter-
ferer parameters 800. The device 800 is similar to devices
400 and 700, and reference is made to the description above
in order to avoid reiteration. Further, device 800 may include
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a unit for interference scheduling decision 806. The unit for
interference scheduling decision 806 may have an input to
receive an interferer separation thresholds 6, , on block basis
(or, in general, on observation period basis) as, e.g., output
by estimator 403 and/or an input to receive an interferer
separation threshold 6, as output, e.g., by evaluation unit
705. The interferer separation threshold 8, may be an aver-
age of 0,, over a plurality of observation periods, e.g., a
number of observation periods depending on or equal to the
number of observation periods over which the respective
interferer k is detected to be present.

By way of example, the interferer separation thresholds
0, may be derived as a side product of histogram analysis.
As illustrated in FIG. 6, the cross-over points between
adjacent weighting functions v,,,, may be chosen to define
the separation thresholds 0, ;.

The unit for interference scheduling decision 806 may
output interference scheduling detection samples vy,. The
samples v,, may be given by any indicator vy, of the SINR of
interferer k. The indicator y, of the SINR of interferer k input
in the interference scheduling decision unit 806 may, e.g., be
generated by the estimator 703 (see, e.g., FIG. 9) or by
another instance in the UE (see, e.g., FIG. 8).

The samples y, may be determined by hard assignment
based on the power samples z,. By way of example, if the
power sample z,, falls within the range defined by the two
long-term thresholds 0, associated with interferer k, the
SINR value y,. of interferer k may be output by the interfer-
ence scheduling decision unit 806 as interference scheduling
detection sample vy,. The long-term thresholds 6, may be
derived from the observation period-based thresholds 0, ,,
e.g., by parameter tracking as described above. As shown in
FIG. 8, it is also possible to use the observation period-based
thresholds 6, , as a basis for hard assignment in the inter-
ference scheduling decision unit 806. In both cases, network
interferer scheduling is detected by the emergence of new
threshold parameters (a new interferer becomes active) or by
the disappearance of old threshold parameters (an old inter-
ferer vanishes). It is to be noted that this approach of
interferer scheduling detection is particularly effective if the
network is configured to signal no or only an insufficient
information of interferer scheduling to the UEs.

FIG. 9 illustrates a device for estimating noise and inter-
ferer parameters 900. The device 900 may be similar to
devices 400, 700, and 800, and reference is made to the
description above in order to avoid reiteration. As illustrated
in FIG. 9, the interference scheduling detection samples v,
may be given by the long-term SINR estimates y, of the
detected interferer k as output by the parameter evaluation
unit (parameter tracking) 705. It is also possible that the
interference scheduling detection samples y, may be given
by the observation period-based (e.g., block-based) SINR
estimates v, , of the estimator 403. In both cases, signal
power samples p,, may be input e.g. to the estimator 403 for
computing SINR estimates v, , based on a ratio of a mean of
square signal powers Ip,|> and the mean of noise and
interference power L, ;. The long-term SINR estimates v,
may be derived from the observation period-based SINR
estimates v, , by, e.g., parameter tracking over an interferer-
individual number of observation periods as described
above.

The interference scheduling detection samples y,, may be
indicative of an SINR at time index n. These SINR samples
may then be delivered to any instance in the UE which may
use such information, e.g., data detection, CE, CQI feedback
generation, etc. In particular, the disclosure herein comprises
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channel estimation based on received pilot symbols and
SINR samples v,, produced in accordance with the above
description.

Referring to FIG. 11, at S1, a method of estimating
interferer parameters may comprise receiving a signal com-
prising a noise and interference signal contribution.

At S2, noise and interference power samples based on the
signal may be generated. The generation of noise and
interference power samples may be performed, e.g., by
pre-CE noise power estimation or by any other known
method.

At S3, the noise and interference power samples may be
quantized into quantization levels and the occurrence of
noise and interference power samples may be accumulated
for each quantization level during an observation period.
This process may also be referred to as histogram genera-
tion.

At S4, noise and interferer parameters may, e.g., be
estimated based on the number of occurrences of noise and
interference power samples per quantization level during the
observation period. Parameter estimation may include his-
togram analysis (e.g. hard assignment analysis I as illus-
trated in FIG. 5 and soft-assignment analysis II as illustrated
in FIG. 6) and, optionally, parameter averaging over inter-
ferer-specific averaging periods (i.e., parameter tracking) as,
e.g., illustrated in FIGS. 7, 8 and 9.

At S4 it is, additionally or alternatively, possible to
analyze the numbers of occurrence of noise and interference
power samples per quantization level to obtain a function for
assigning a specific noise and interference source to a noise
and interference power sample.

Examples

The following examples pertain to further embodiments.
Example 1 is a method method of estimating noise and
interferer parameters, the method comprising receiving a
signal comprising a noise and interference signal contribu-
tion; generating noise and interference power samples based
on the signal; quantizing the noise and interference power
samples into quantization levels and accumulating the
occurrence of noise and interference power samples for each
quantization level during an observation period; and esti-
mating noise and interferer parameters based on the number
of occurrences of noise and interference power samples per
quantization level during the observation period.

In Example 2, the subject matter of Example 1 can
optionally include wherein the noise and interferer param-
eters comprise the number of noise and interference sources.

In Example 3, the subject matter of Examples 1 or 2 can
optionally include wherein the noise and interferer param-
eters comprise a mean power of the noise and interference
power samples.

In Example 4, the subject matter of any one of Examples
1 to 3 can optionally include wherein the noise and interferer
parameters comprise a power variance of the noise and
interference power samples.

In Example 5, the subject matter of any one of Examples
1 to 4 can optionally include wherein the noise and interferer
parameters comprise a weight factor of the noise and inter-
ference power samples.

In Example 6, the subject matter of any one of Examples
1 to 5 can optionally include wherein the noise and interferer
parameters comprise noise and interference source separa-
tion thresholds.

In Example 7, the subject matter of any one of Examples
1 to 6 can optionally include estimating preliminary noise
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and interferer parameters based on the number of occur-
rences of noise and interference power samples per quanti-
zation level over the observation period, wherein to each
noise and interference source a predetermined interval of
quantization levels is assigned; estimating a soft assignment
weighting function for each noise and interference source
based on the preliminary noise and interferer parameters and
a noise and interference source model probability distribu-
tion; and estimating the noise and interferer parameters
based on the soft assignment weighting function and the
number of occurrences of noise and interference power
samples per quantization level over the observation period.

In Example 8, the subject matter of any one of Examples
1 to 7 can optionally include determining for each noise and
interference source a number of observation periods over
which the noise and interference source is present.

In Example 9, the subject matter of Example 8 can
optionally include averaging the noise and interferer param-
eters over a number of observation periods depending on the
determined number of observation periods of the respective
noise and interference source.

In Example 10, the subject matter of Example 8 can
optionally include wherein the presence of a noise and
interference source is determined based on a local maximum
search over the numbers of occurrences of noise and inter-
ference power samples per quantization level during each
observation period.

In Example 11, the subject matter of any one of Examples
1 to 10 can optionally include wherein the noise and
interferer parameters comprise noise and interference source
separation thresholds, the subject matter further comprising:
comparing a noise and interference power sample to the
noise and interference source separation thresholds to obtain
a comparison result indicative of a specific noise and inter-
ference source; and allocating the specific noise and inter-
ference source to the noise and interference power sample.

In Example 12, the subject matter of Example 7 can
optionally include wherein the noise and interferer param-
eters comprise noise and interference source separation
thresholds, and wherein each noise and interference source
separation threshold is generated based on the soft assign-
ment weighting functions for at least two noise and inter-
ference sources.

In Example 13, the subject matter of Example 12 can
optionally include comparing the noise and interference
power samples to the noise and interference source separa-
tion thresholds; and assigning to a noise and interference
power sample a specific noise and interference source on the
basis of the comparison result.

In Example 14, the subject matter of Example 13 can
optionally include generating for each noise and interference
power sample a signal-to-interference-plus-noise sample
based on the specific noise and interference source.

In Example 15, the subject matter of Example 14 can
optionally include wherein the signal-to-interference-plus-
noise sample is a signal-to-interference-plus-noise ratio
computed from the noise and interferer parameter of the
specific noise and interference source assigned to the cor-
responding noise and interference power sample.

In Example 16, the subject matter of any one of Examples
1 to 15 can optionally include generating the noise and
interference power samples based on a block cell-specific
reference signals channel estimation function.

Example 17 is a device for estimating noise and interferer
parameters comprising a power sample generation unit
configured to generate noise and interference power samples
of a received signal; an occurrence accumulation unit con-
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figured to quantize the noise and interference power samples
into quantization levels and to accumulate the occurrence of
noise and interference power samples for each quantization
level during an observation period; and an estimator con-
figured to estimate noise and interferer parameters based on
the number of occurrences of noise and interference power
samples per quantization level during the observation
period.

In Example 18, the subject matter of Examples 17 can
optionally include wherein the noise and interferer param-
eters comprise the number of noise and interference sources.

In Example 19, the subject matter of any one of Examples
17 to 18 can optionally include wherein the noise and
interferer parameters comprise a mean power of the noise
and interference power samples.

In Example 20, the subject matter of any one of Examples
17 to 19 can optionally include wherein the noise and
interferer parameters comprise a power variance of the noise
and interference power samples.

In Example 21, the subject matter of any one of Examples
17 to 20 can optionally include wherein the noise and
interferer parameters comprise a weight factor of the noise
and interference power samples.

In Example 22, the subject matter of any one of Examples
17 to 21 can optionally include wherein the noise and
interferer parameters comprise interference source separa-
tion thresholds.

In Example 23, the subject matter of any one of Examples
17 to 22 can optionally include wherein the estimator
comprises a first estimator unit configured to estimate pre-
liminary noise and interferer parameters based on the num-
ber of occurrences of noise and interference power samples
per quantization level over the observation period, wherein
to each noise and interference source a predetermined inter-
val of quantization levels is assigned.

In Example 24, the subject matter of any one of Examples
17 to 23 can optionally include wherein the estimator
comprises a second estimator unit configured to estimate a
soft assignment weighting function for each noise and
interference source based on the preliminary noise and
interferer parameters and a noise and interference source
model probability distribution.

In Example 25, the subject matter of any one of Examples
17 to 24 can optionally include wherein the estimator further
comprises a third estimator unit configured to estimate the
noise and interferer parameters based on the soft assignment
weighting function and the number of occurrences of noise
and interference power samples per quantization level over
the observation period.

In Example 26, the subject matter of any one of Examples
17 to 25 can optionally include an evaluation unit configured
to determine for each noise and interference source a num-
ber of observation periods over which the noise and inter-
ference source is present and to average the noise and
interferer parameters over a number of observation periods
depending on the determined number of observation periods
of the respective noise and interference source.

In Example 27, the subject matter of any one of Examples
17 to 26 can optionally include wherein the estimator is
configured to determine the presence of a noise and inter-
ference source based on a local maximum search over the
number of occurrences of noise and interference power
samples per quantization level during each observation
period.

In Example 28, the subject matter of any one of Examples
17 to 27 can optionally include an interference scheduling
decision unit configured to compare a noise and interference
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power sample to a noise and interference source separation
threshold to obtain a comparison result indicative of a
specific noise and interference source for the noise and
interference power sample.

In Example 29, the subject matter of any one of Examples
17 to 28 can optionally include wherein the interference
scheduling decision unit is further configured to generate for
each input power sample a signal-to-interference-plus-noise
sample related to the specific noise and interference source.

In Example 30, the subject matter of any one of Examples
17 to 29 can optionally include an interference-plus-noise
power sample generation unit configured to generate the
noise and interference power samples based on a block
cell-specific reference signals channel estimation function.

In Example 31 is a method of estimating noise and
interferer parameters, the method comprising: generating
noise and interference power samples based on an incoming
signal; quantizing the noise and interference power samples
into quantization levels and accumulating the occurrence of
noise and interference power samples for each quantization
level during an observation period; and analyzing the num-
bers of occurrence of noise and interference power samples
per quantization level to obtain a function for assigning a
specific noise and interference source to a noise and inter-
ference power sample.

In Example 32, the subject matter of Example 31 can
optionally include wherein the function is configured to
assign a specific noise and interference source to a noise and
interference power sample if the noise and interference
power sample falls between two noise and interference
source separation thresholds associated with the specific
noise and interference source.

In Example 33, the subject matter of Example 32 can
optionally include wherein the two noise and interference
source separation thresholds associated with the specific
noise and interference source are derived based on weight-
ing functions derived for the specific noise and interference
source and for neighboring noise and interference sources.

In Example 34, the subject matter of Example 33 can
optionally include wherein the two noise and interference
source separation thresholds are based on the intersections
of the weighting function derived for the specific noise and
interference source with the weighting functions of two
neighboring noise and interference sources.

In Example 35, the subject matter of any one of Examples
33 to 34 can optionally include wherein deriving the weight-
ing function for a noise and interference source comprises:
estimating a probability density of the number of occur-
rences of noise and interference power samples per quanti-
zation level for the noise and interference source based on a
probability reference distribution; estimating an intensity of
the noise and interference source; and computing the
weighting function for the noise and interference source
based on the estimated probability density for the noise and
interference source and the intensity of the noise and inter-
ference source.

In Example 36, the subject matter of any one of Examples
317 to 35 can optionally include estimating a signal-to-
interference-plus-noise ratio for a noise and interference
source; and assigning the estimated signal-to-interference-
plus-noise ratio to the specific noise and interference source
on the basis of the function.

In addition, while a particular feature or aspect of the
invention may have been disclosed with respect to only one
of several implementations, such feature or aspect may be
combined with one or more other features or aspects of the
other implementations as may be desired and advantageous
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for any given or particular application. Furthermore, to the
extent that the terms “include”, “have”, “with”, or other
variants thereof are used in either the detailed description or
the claims, such terms are intended to be inclusive in a
manner similar to the term “comprise”. Furthermore, it is
understood that aspects of the invention may be imple-
mented in discrete circuits, partially integrated circuits or
fully integrated circuits or programming means.

Although specific aspects have been illustrated and
described herein, it will be appreciated by those of ordinary
skill in the art that a variety of alternate and/or equivalent
implementations may be substituted for the specific aspects
shown and described without departing from the scope of
the present invention. This application is intended to cover
any adaptations or variations of the specific aspects dis-
cussed herein.

The invention claimed is:

1. A method of estimating noise and interferer parameters,
the method comprising:

receiving a signal comprising a noise and interference

signal contribution;

generating a plurality of noise and interference power

samples based on the signal;

quantizing the plurality of noise and interference power

samples into quantization levels and accumulating
occurrences of the plurality of noise and interference
power samples for each quantization level during an
observation period;

estimating a plurality of preliminary noise and interferer

parameters based on a number of occurrences of the
plurality of noise and interference power samples per
quantization level over the observation period, wherein
to each noise and interference source a predetermined
interval of quantization levels is assigned;

estimating a soft assignment weighting function for each

noise and interference source based on the plurality of
preliminary noise and interferer parameters and a noise
and interference source model probability distribution;
and

estimating a plurality of noise and interferer parameters

based on the soft assignment weighting function and
the number of occurrences of the plurality of noise and
interference power samples per quantization level over
the observation period.

2. The method of claim 1, wherein the plurality of noise
and interferer parameters comprise a number of noise and
interference sources.

3. The method of claim 1, wherein the plurality of noise
and interferer parameters comprise one or more of a mean
power of the plurality of noise and interference power
samples, a power variance of the plurality of noise and
interference power samples, a weight factor of the plurality
of noise and interference power samples, and a plurality of
noise and interference source separation thresholds.

4. The method of claim 1, further comprising:

determining, for each noise and interference source, a

number of observation periods over which the noise
and interference source is present; and

averaging the plurality of noise and interferer parameters

over a number of observation periods depending on the
determined number of observation periods of the
respective noise and interference source.

5. The method of claim 4, wherein the presence of a noise
and interference source is determined based on a local
maximum search over the numbers of occurrences of the
plurality of noise and interference power samples per quan-
tization level during each observation period.
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6. The method of claim 1, wherein the plurality of noise
and interferer parameters comprise a plurality of noise and
interference source separation thresholds, the method further
comprising:

comparing a noise and interference power sample to the
plurality of noise and interference source separation
thresholds to obtain a comparison result indicative of a
specific noise and interference source; and

allocating the specific noise and interference source to the
noise and interference power sample.

7. The method of claim 1, wherein the plurality of noise
and interferer parameters comprise a plurality of noise and
interference source separation thresholds, and wherein each
noise and interference source separation threshold is gener-
ated based on the soft assignment weighting functions for at
least two of the plurality of noise and interference sources.

8. The method of claim 7, further comprising:

comparing the plurality of noise and interference power
samples to the plurality of noise and interference source
separation thresholds;

assigning to a noise and interference power sample a
specific noise and interference source on the basis of
the comparison result; and

generating for each noise and interference power sample
a signal-to-interference-plus-noise sample based on the
specific noise and interference source.

9. The method of claim 8, wherein the signal-to-interfer-
ence-plus-noise sample is a signal-to-interference-plus-
noise ratio computed from the noise and interferer parameter
of the specific noise and interference source assigned to the
corresponding noise and interference power sample.

10. A device for estimating noise and interferer param-
eters, comprising:

a power sample generator configured to generate a plu-
rality of noise and interference power samples of a
received signal;

an occurrence accumulator configured to quantize the
plurality of noise and interference power samples into
quantization levels and to accumulate occurrences of
the plurality of noise and interference power samples
for each quantization level during an observation
period; and

an estimator configured to estimate a plurality of noise
and interferer parameters based on the number of
occurrences of the plurality of noise and interference
power samples per quantization level during the obser-
vation period, wherein the estimator comprises:

a first estimator configured to estimate a plurality of
preliminary noise and interferer parameters based on
the number of occurrences of the plurality of noise and
interference power samples per quantization level over
the observation period, wherein to each noise and
interference source a predetermined interval of quan-
tization levels is assigned, and

a second estimator configured to estimate a soft assign-
ment weighting function for each noise and interfer-
ence source based on the plurality of preliminary noise
and interferer parameters and a noise and interference
source model probability distribution.

11. The device of claim 10, wherein the plurality of noise
and interferer parameters comprise a number of noise and
interference sources.

12. The device of claim 10, wherein the plurality of noise
and interferer parameters comprise one or more of a mean
power of the plurality of noise and interference power
samples, a power variance of the plurality of noise and
interference power samples, a weight factor of the plurality
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of noise and interference power samples, and a plurality of
noise and interference source separation thresholds.

13. The device of claim 10, wherein the estimator further

comprises:

a third estimator configured to estimate the plurality of
noise and interferer parameters based on the soft
assignment weighting function and the number of
occurrences of the plurality of noise and interference
power samples per quantization level over the obser-
vation period.

14. A device for estimating noise and interferer param-

eters, comprising:

a power sample generator configured to generate a plu-
rality of noise and interference power samples of a
received signal;

an occurrence accumulator configured to quantize the
plurality of noise and interference power samples into
quantization levels and to accumulate occurrences of
the plurality of noise and interference power samples
for each quantization level during an observation
period;

an estimator configured to estimate a plurality of noise
and interferer parameters based on the number of
occurrences of the plurality of noise and interference
power samples per quantization level during the obser-
vation period; and

an evaluator configured to determine, for each noise and
interference source, a number of observation periods
over which the noise and interference source is present
and to average the plurality of noise and interferer
parameters over a number of observation periods
depending on the determined number of observation
periods of the respective noise and interference source.

15. The device of claim 14, wherein the estimator is

configured to determine the presence of a noise and inter-
ference source based on a local maximum search over the
number of occurrences of the plurality of noise and inter-
ference power samples per quantization level during each
observation period.

16. A device for estimating noise and interferer param-

eters, comprising:

a power sample generator configured to generate a plu-
rality of noise and interference power samples of a
received signal;

occurrence accumulator configured to quantize the plu-
rality of noise and interference power samples into
quantization levels and to accumulate occurrences of
the plurality of noise and interference power samples
for each quantization level during an observation
period;

an estimator configured to estimate a plurality of noise
and interferer parameters based on the number of
occurrences of the plurality of noise and interference
power samples per quantization level during the obser-
vation period; and

an interference scheduler configured to compare a noise
and interference power sample to a noise and interfer-
ence source separation threshold to obtain a compari-
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son result indicative of a specific noise and interference
source for the noise and interference power sample.

17. The device of claim 16, wherein the interference
scheduler is further configured to generate for each input
power sample a signal-to-interference-plus-noise sample
related to the specific noise and interference source.

18. A method of estimating noise and interferer param-
eters, the method comprising:

generating a plurality of noise and interference power

samples based on an incoming signal;

quantizing the plurality of noise and interference power

samples into quantization levels and accumulating
occurrences of the plurality of noise and interference
power samples for each quantization level during an
observation period; and

analyzing numbers of occurrences of the plurality of noise

and interference power samples per quantization level
to obtain a function, wherein the function is configured
to assign a specific noise and interference source to a
noise and interference power sample if the noise and
interference power sample falls between a plurality of
noise and interference source separation thresholds
associated with the specific noise and interference
source.

19. The method of claim 18, wherein the plurality of noise
and interference source separation thresholds associated
with the specific noise and interference source are derived
based on weighting functions derived for the specific noise
and interference source and for neighboring noise and
interference sources.

20. The method of claim 19, wherein the plurality of noise
and interference source separation thresholds are based on
intersections of the weighting function derived for the
specific noise and interference source with the weighting
functions of two neighboring noise and interference sources.

21. The method of claim 19, wherein deriving the weight-
ing function for a noise and interference source comprises:

estimating a probability density of the number of occur-

rences of the plurality of noise and interference power
samples per quantization level for the noise and inter-
ference source based on a probability reference distri-

bution;
estimating an intensity of the noise and interference
source; and

computing the weighting function for the noise and inter-
ference source based on the estimated probability den-
sity for the noise and interference source and the
intensity of the noise and interference source.

22. The method of claim 18, further comprising:

estimating a signal-to-interference-plus-noise ratio for the
specific noise and interference source; and

assigning the estimated signal-to-interference-plus-noise
ratio to the specific noise and interference source on the
basis of the function.
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